Tupistra chinensis Baker has been used as a folk remedy in China, and it has been shown to exhibit anti-inflammation, expectorant and anti-bacterial effects. In this study, we report the cytotoxic activity of the total saponins of Tupistra chinensis Baker (TST) against several carcinoma cell lines, including A549, MCF-7 and HeLa cells with the IC 50 values of 4.11 μg/ml, 6.47 μg/ml and 7.78 μg/ml respectively. Treatment of A549 cells with TST resulted in growth inhibition and induction of apoptosis in a time-dependent manners determined by cell viability, chromatin condensation, DNA fragmentation and flow cytometry analysis. The activities of caspase-3, 9 were significantly increased following TST treatment. Real-time PCR analysis showed that the mRNA expression levels of pro-apoptosis related genes including Bax, P21, P27 and P53 were markedly increased in the cells treated with TST but anti-apoptosis related gene Bcl-2 was slightly decreased. TST also leads to a loss of mitochondrial membrane potential in a time-dependent manner the release of cytochrome c from mitochondria into the cytosol. Thus, these results suggest that TST may play an important role in tumor growth suppression by inducing apoptosis in human A549 cells via mitochondria-dependent apoptotic pathways and the TST would be promising to treat human lung adenocarcinoma.
Apoptosis, defined as programmed cell death, plays a very important role in many physiological and pathological conditions such as embryo and organ development, immune responses, tumor development and growth [1, 2] . During past two decades, the molecular mechanism of apoptosis has been extensively studied. Apoptosis may occur via a mitochondriadependent intrinsic pathway which is mediated by Bcl-2 family proteins. Recent studies indicate that apoptosis is involved in a variety of clinical disorders such as cancer and autoimmunity. Many studies have indicated that anti-cancer drugs or cancer chemopreventive agents act through the induction of apoptosis to prevent tumor promotion and progression [3, 4] . The chemotherapeutic drugs that have been observed to induce apoptosis in vitro include etoposide, camptothecin, VM26, vincristine, cis-platinum, cyclophosphamide, paclitaxel, 5-fluorouracil and doxorubicin [5] [6] [7] . Several clinical studies have also shown that chemotherapy triggers apoptotic cell death in patients undergoing chemotherapy [8, 9] . Thus, identification of potential chemotherapeutic agents using mechanism-based studies holds great promise for elucidating mechanisms and devising more specific and effective treatments for cancer-related diseases.
A wide variety of biological activities from medicinal plants have recently been reported, except for their traditional medicinal effects. Herbal medicines have attracted considerable interests as alternative cancer remedies because of their low toxicity and costs [10] . Tupistra chinensis Baker is growing mostly in southwestern regions of China. As a Chinese folk medicine, the rhizome of this species has usually been used for treatment of headache, pharyngitis, rheumatic diseases, snake-bite and respiratory disorders for a long time [11] . Furthermore, it was specified in "Quality Standard of Herbal Medicines at Hubei Province" (2009 Edition) because of its convinced usages in folk. Previous phytochemical studies have reported the isolation and structural elucidation of several steroidal sapogenins, spirostanol sapogenins, flavans and pregnane genins from the undergroud parts of this plant [12, 13] . However, studies on the anti-tumor activity and mechanism in vitro of Tupistra chinensis were not yet published. Therefore, the objective of this study is to examine the anti-tumor potential of total saponins in this plant, which was important to develop the plentiful resource of Tupistra chinensis.
Materials and methods
Plant and preparation of total saponins. The whole plants of Tupistra chinensis Baker were collected from Shennongjia, Hubei, China and identified. A voucher specimen (No. NP2005004) has been deposited in China Three Gorges University. Total saponins of the rhizome of Tupistra chinensis Baker (TST) were prepared as below. 2.0 kg of dried Tupistra chinensis rhizome was shivered and refluxed with 95% ethanol. The concentrated extract was partitioned with acetoacetate and water. Then, the water fraction was added to macroporous adsorptive resins, eluted with 95% ethanol. Finally, the 95% ethanol eluant was evaporated and about 80g of a yellowish powder was obtained. The dry extract was confirmed to be total saponins using a spectrophotometry method as described [14] . The chemical profile of TST extracts was analyzed using high performance liquid chromatography (HPLC) and is shown in Fig.1 . Briefly, compound A, B, C accounted for about 3%, 5% and 2% of TST, and total saponins for 80%, determined by UV spectroscopy at 203 nm. And their structure was determined by IR, MS, NMR spectroscopy.
Cell lines and cell culture. Human lung adenocarcinoma cell line A549, human breast carcinoma cell line (MCF-7) and human cervical adenocarcinoma cell line (HeLa) were purchased from China Center for Type Culture Collection (CCTCC) and cultured in 1640 culture medium supplemented with 10% fetal bovine serum (FBS) , 1% penicillin-streptomycin and 0.02 mg/ml gentamycin in a 5% CO2 incubator at 37°C.
Cytotoxicity assay. Cytotoxicity was determined by MTT assay according to a previous method [15] . Briefly, cells (1×10 4 ) were incubated with different concentrations TST After the A549 cells were exposed to TST of 10μg/ml for 4, 8, 12, 16, 20 and 24h, cell pellets were resuspended in 500μl of lysis buffer (0.5% Triton X-100, 10mM EDTA, and 10mM Tris-HCl, pH 8.0) at room temperature for 15 min and centrifuged at 16,000× g for 10 min. DNA was then extracted twice with phenol/chloroform (1:1), precipitated with ethanol, and resuspended in Tris/EDTA buffer (10mM Tris-HCl, pH 8.0, and 1mM EDTA). DNA was analyzed after separation by gel electrophoresis (1.5% agarose gel containing 1μg/ml of ethidium bromide). DNA bands were visualized under ultraviolet illumination and photographed.
Morphological assessment of apoptotic cells. To detect apoptotic cells, A549 cells were stained with Hoechst 33258, exposed to 10μg/ml TST for 24h, they were fixed with 2% paraformaldehyde in PBS for 10min at 4°C, and then washed with PBS. To stain the nuclei, cells were incubated for 10min with 20mg/mL Hoechst 33258. After washing with PBS, the cells were observed using a fluorescence microscope (Tokyo, Japan). Cells exhibiting condensed chromatin and fragmented nuclei were scored as apoptotic cells. A minimum of 200 cells were scored from each sample.
Flow cytometry analysis. To quantify the TST-induced apoptotic death of A549 cells, annexin V and PI double staining were performed followed by flow cytometry (FCM; Coulter, Los Angeles, CA, USA). A549 cells (1×10 6 ) were allowed to attach for 24 h. Then the medium was replaced with an equal volume of fresh medium containing 10μg/ml TST for 8, 16 and 24h separately. After the treatment, all cells were collected by trypsinization and washed twice with PBS. The cell suspension was subjected to 400 μl 1×binding buffer, 5 μl annexin V, and 10 μl PI stain, and then left in the dark for 15 min. Normally, apoptotic, necrotic, and mechanically damaged cells were determined by FCM with a single beam at 488 nm excitation wave length. PBS was used as the negative control.
Caspase-3, 9 activity assay. The activity of caspase-3, 9 were determined using the Caspase-3, 9 activity kit (Beyotime, Haimen, China) according to the manufacturer's protocol. The assay is based on spectrophotometric detection of the chromophore, p-nitroanilide (pNA), after its cleavage from the labeled substrate, Ac-DEVD-pNA (Caspase-3) or Ac-LEHD-pNA (Caspase-9). Briefly, A549 cells were lysed after treatment with TST of 10μg/mL for different time. Assays were performed on 96-well microtiter plates by incubating 10μL protein of cell lysate per sample in 80μL reaction buffer (1% NP-40, 20mM Tris-HCl (pH 7.5), 137mM NaCl, and 10% glycerol) containing 10μL caspase-3, 9 substrate (Ac-DEVDpNA or Ac-LEHD-pNA) (2mM). Lysates were incubated at 37°C for 4 h. Samples were measured with an enzyme-linked immunosorbent assay (ELISA) reader at an absorbance of 405nm and the caspase activities were expressed as percentage of enzyme activity compared with control. All the experiments were carried out in triplicate.
Real-time Polymerase Chain Reaction. The mRNA expression levels of apoptotic-related genes Bax, Bcl-2, p53 and cell cycle-related genes P21, P27 were carried out using relative-quantitative RT-PCR. The A549 cells were seeded and treated with TST of 10μg/ml for different time in 6-well plate. Total cellular RNA was isolated from the untreated and treated cells using Trizol reagent. The PCR reaction was carried out on the LightCycler2.0 instrument (software v4.0; Roche Applied Science) using the double-stranded DNA dye SYBR Green I strategy. The oligonucleotide sequences of the PCR primers used were designed based on the human mRNA encoding the respective genes (Table 1) . Quantification was based on threshold cycle (Ct) difference performed according to the "delta-delta Ct method" [16] , using the following equation: expression ratio=2 -ΔΔCt , where ΔΔCt = (Ct target −Ct reference) time x − (Ct target −Ct reference) time 0. The expression level of each target gene was normalized to that of glyceraldehyde-3 phosphate deshydrogenase (GAPDH) which fulfills the requirements for validation of reference genes.
Assessment of mitochondrial membrane potential (ΔΨm). JC-1 Apoptosis Detection Kit (Kaiji, nanjing, China) was used as the detection for determining the changes in the mitochondrial membrane potential, according to the manufacturer's protocol. Cancer cells were firstly incubated with 10 μg/ml TST for 12 h or 24 h, then, the cells (5 x 10 5 ) were centrifuged, resuspended in JC-1 solution and incubated at 37 °C in CO2 incubator for 15 min. At the end of the incubation period, cells were washed with incubation buffer and resuspended in incubation buffer, and kept on ice until FCM analysis.
Western blot analysis. A549 cells (6 x 106) were treated with 10 μg/ml TST for 24 h, then harvested and washed with cold PBS. Cell pellets were lysed in 40 μl lysis buffer (20 mM HEPES/NaOH, pH 7.5, 250 mM sucrose, 10 mM KCl, 2 mM MgCl2, 1 mM EDTA, 1 mM DTT, protease inhibitor cocktail) for 20 min on ice. The lysis solution was centrifuged at 25000 g for 10 min at 4°C, and protein contents in the supernatant were measured using a Bio-Rad DC protein assay kit. The lysates containing 25 μg of protein were analysed by Western blotting for cytochrome c (1:1000 dilution).
Statistical analysis. All data are presented as the mean ±S.D. (standard deviation from the mean). Differences between groups were evaluated using analysis of one-factor variance. Mean values were considered to be statistically significant at p values < 0.05.
Results

Main chemical component of TST.
The chemical profile of TST extracts was analyzed using high performance liquid chromatography (HPLC) and was shown in Fig.1A . Compound c-1, c-2, c-3 accounted for about 3%, 5% and 2% of TST, and total saponins for 80%, determined by UV spectroscopy at 203 nm, with complanatuside c-2 as a standard. The purity of complanatuside A separated from FAC was more than 99.0%, as shown by RP-HPLC with UV, and their structure was determined by IR, MS, NMR spectroscopy.
Effect of TST on cell proliferation. Effect of TST on cell proliferation was evaluated by MTT assay. As shown in Fig.1B , the inhibitory effect of TST in A549, Hela and MCF-7 cells was dose-dependent. When A549, Hela and MCF-7 cells were treated for 48 h, the IC 50 values of TST for each cell line were 4.11μg/ml, 6.47μg/ml and 7.78μg/ml, respectively. These results suggest that TST can inhibit the growth of A549, Hela and MCF-7 cells in vitro.
TST-induced DNA fragmentation in A549 cells. DNA extracted from A549 cells treated with TST at indicated concentrations (10μg/ml) for 4, 8, 12, 16, 20 and 24h revealed a progressive increase in the 180-200bp ladder fragments. The ladder fragments began to appear after treated with TST for 20 h and the control cells did not exhibit any such DNA fragmentation. (Fig. 2A) Morphology of apoptotic cells. In order to determine whether the antiproliferative effect of TST was due to apop- tosis, A549 cells were treated with TST for 24h, and nuclear Hoechst 33258 staining was used. As shown in Fig. 2B (Fig.3A) , compared to the control (3.4±0.2%).
Effects of TST on activation of caspase-3, 9. The cellular pathway of TST-induced apoptosis was examined by assessing caspase-3, 9 activities, which play a critical role in apoptosis. After 2, 4, 6, 8, 10, 12, 16, 20 and 24 h treatment with 10 μg/ml TST, caspase-3, 9 activities of A549 cells were measured. Compared with untreated control cells, as shown in Fig.3B , A549 cells treated with TST for 0-24h showed significant time-dependent changes in caspase-3, 9 activities. These results suggested that TST-induced apoptosis occurred through the activation of common executors of apoptosis, such as caspase-3, 9. Fig.4 , the timecourse effects of TST on the apoptosis and cell cycle -related genes were explored. The Bcl-2 protein family controls apoptosis in mitochondria by balancing pro-and anti-apoptotic factors. We detected the pro-apoptotic member Bax and the anti-apoptotic member Bcl-2 by real time PCR. Bcl-2 mRNA expression was decreased but Bax gene expression was increased significantly in 10 μg/ml TST-treated cells at 2-8 h. Tumor suppressor gene P53 mRNAs was obviously increased in TST-treated cells at 1-12 h which has been shown to play an important role in apoptosis induction. In addition, cell proliferation-related genes P21 and P27 expression levels were also significantly increased, which have been known to play critical roles in the G1 to S phase cell cycle checkpoint.
Effect of TST on expression level of apoptosis and cell proliferation-related genes. As shown in
Effect of TST on mitochondrial membrane potential (MMP). The effect of TST treatment on the mitochondrial membrane potential was determined by staining the cells with the dye JC-1, which accumulates in the mitochondria of living cells in a potential-dependent manner. From the results obtained, we found that upon the treatment of TST in A549 cells, there was a shift of fluorescence signal from the upper right quadrant to the upper left quadrant (Fig. 5A) , indicating disruption of mitochondrial membrane potential. As can be seen in Fig. 5B , TST treatment significantly decreased the mitochondrial membrane potential in a time-dependent manner, compared with the control.
Effects of TST on apoptosis related proteins of cytochrome c. The release of cytochrome c from mitochondria into cytosol is an indicator of induction of mitochondria-de-pendent apoptotic pathway. To further examine the effects of TST on cytochrome c, the protein level was evaluated using Western blot analysis. Fig.5C shows that cytochrome c in cytosol increased significantly when cells were exposed to 10 μg/ml TST for 2h.
Discussion
Many substances derived from dietary or medicinal plants are known to be effective and versatile chemopreventive agents in a number of experimental models of carcinogenesis [17] [18] [19] [20] . In present study, we found that the total saponins of Tupistra chinensis showed significant cytotoxic activity in several carcinoma cell lines in a dose-dependent manner. In addition, A549 cells were used in the research of apoptotic pathway due to this cell possessed the minimum IC 50 value and appeared to be more sensitive to TST.
Cancer develops when the balance between cell proliferation and cell death is disturbed, and aberrant cell proliferation leads to tumor growth. Apoptosis is an important way to maintain cellular homeostasis between cell division and cell death [1, 2, 21] . Apoptosis and its related signaling pathways have a profound effect on the progression of cancer [22] . Induction of apoptosis is therefore a highly desirable goal of preventive strategies for cancer control [23] . In this respect, many studies were performed for screening of apoptosis inducing compounds from plants [10, 24, 25] . Saponins are a diverse family of secondary metabolites produced by many plants species. Many plants used in traditional medicine worldwide contain saponins, which can often account for their therapeutic action [26] . Although saponins are extremely toxic to cold-blooded animals, their oral toxicity to mammals is low [27, 28] . Due to their toxicity to various organisms, saponins can be utilized for their anti-inflammatory, antibiotic, fungicidal, and antitumor pharmacological properties [26] . In the present study, we investigated whether apoptotic cell death is associated with antitumor activity of TST against A549 cells. The results of this study clearly demonstrate that TST suppressed A549 cell viability through apoptosis. During apoptosis, a distinctive series of morphological changes occurs, which involves cell shrinkage, loss of cell-cell adhesion, membrane blebbing, and chromatin condensation. These alterations are commonly associated with the internucleosomal DNA fragmentation, resulting from activation of endogenous nucleases. In this study, DNA fragment ladder formation was clearly observed, a characteristic gel electrophoretic band pattern associated with apoptosis. After A549 cells were treated with 10μg/ml TST, nuclear condensations with Hoechst 33258 staining were clearly observed. Furthermore, early events in the apoptotic process are loss of plasma membrane asymmetry accompanied by translocation of phosphatidylserine (PS) from the inner to the outer membrane leaflet, thereby exposing PS which has a high affinity with annexin V to the external environment. Our results of flow cytometric analysis with annexin V-FITC and PI staining also validated TST-induced typical apoptosis in A549 cells.
The activation of a family of intracellular cysteine proteases, called caspases, is known to play a pivotal role in the initiation and execution of apoptosis induced by various stimuli [29, 30] . Among the different members of caspases, Caspase-3 and caspase-9 play essential roles in death receptor as well as mitochondrial-mediated apoptotic pathways, respectively. Active caspase-9, in turn, activates caspase-3 which is an executioner caspase downstream of these caspases. Meanwhile, caspase-3 may serve as a general mediator of apoptosis. When cells are undergoing apoptosis, caspase-3 triggers cellular proteins such as DNA fragmentation factor and results in the characteristic changes of apoptosis. Our results showed that during TST-induced apoptosis in A549 cells, caspase-9 was activated firstly and a peak occurred after TST treated for 6h and then caspase-3 was activated after caspase-9 activated with maximum changes when TST treated for 12h. These findings were in agreement with many studies that demonstrated the role of cysteine proteases family members in inducing apoptosis.
In this study, the mRNA expression levels of two apoptoticrelated genes, Bax and Bcl-2, in A549 cells treated with the TST were investigated. It was found that the expression levels of pro-apoptotic gene Bax was significantly up-regulated and maximum changes occurred after TST treatment for 6h. Antiapoptotic gene Bcl-2 was down-regulated slightly at 4-8h after TST treatment. When Bcl-2 is overexpressed, it heterodimerizes with Bax, and cell death is repressed. Presumably, the ratio of Bax to Bcl-2 serves to determine the susceptibility of cells to apoptosis [21] . The mRNA expression levels of two cell proliferation-related genes, P21, P27and P53, in A549 cells treated with the TST were also investigated. Cell proliferation is governed by the cell cycle, which is one of the major causes of cancer progression, and their functions are tightly regulated by molecule P21, P27 and P53 that mainly inhibit cyclin-dependent kinases and thus have antiproliferative effects [31, 32] . The results of gene assay in this study showed that P21 and P27 were up-regulated in the TST-treated A549 cells. And, pro-apoptotic gene P53 was also significantly upregulated after TST treatment for 8h. These findings suggest that the antiproliferative effect of TST in A549 cells may reflect changes in the expression levels of several genes related to the cell proliferation and apoptosis induction.
Mitochondria play a central role in the induction and control of apoptosis. Different apoptotic stimuli can converge at the mitochondrial level and trigger mitochondrial membrane permeabilization [33] . Membrane depolarization (loss of ΔΨm) induces mitochondrial permeability transition pore (PTP) formation. In our study, depletion of ΔΨm in A549 cells was detected after treatment with TST for 12 h or 24 h. This is consistent with our results that changes of the expression levels of Bax and Bcl-2 can disrupt the integrity of the outer mitochondrial membrane. Loss of mitochondrial membrane potential is catastrophic for cells and leads to release of cytochrome c through the mitochondrial PTP [34] . The data presented in our study indicated that TST treatment induces the migration of cytochrome c from the mitochondria to the cytosol.
In conclusion, this study clearly demonstrates that the total saponins of Tupistra chinensis strongly inhibit cell proliferation and induce apoptosis in A549 cells. TST induced apoptosis through the mitochondrial pathway, involving membrane depolarization and cytochrome c release from the mitochondria, and the activation of caspases-9 and-3. Because apoptosis was regarded as a new target in discovery of anticancer drugs, the results confirm the TST as a potential agent of chemotherapeutic in Human lung adenocarcinoma cell lines. However, further investigation of its activity including in vivo and purification of bioactive compounds is now in progress.
